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Title: Method and device for sizing a crack in a workpiece using the ul- 
trasonic pulse-ec ho technique 

The invention relates to a method for sizing a crack in a workpiece using the ul- 
trasonic pulse-echo nnethod and to a device for carrying out this method. 

The ultrasonic pulse-echo method is well known, the reader is referred to the DE- 
Book Krautkramer and Krautkramer "Werkstoffprufung mit Ultraschall" ("Material 
Inspection with Ultrasounds"). A probe emits ultrasonic pulses. These pulses are 
at least partially reflected from a discontinuity, such as from an inner break, a 
crack or any other material flaw, and are again received by the same probe. 
They are evaluated with regard to the echo amplitude, at need taking their travel 
time into consideration. 

It is also known to size a discontinuity using the so-called half-amplitude tech- 
nique. The central beam of the probe is assumed to meet an edge of the discon- 
tinuity at the very moment when the amplitude of the echo has dropped from the 
maximum value it had upon fully detecting the discontinuity to half said value, 
meaning to -6 dB. This half-amplitude technique however requires the movement 
of the probe relative to the workpiece to be registered. Additionally, the travel 
time of the echo signals received may be taken into consideration for sizing a 
discontinuity. 

A method of sizing cracks is known from the specifications of the American Petro- 
leum Institute ''Recommended Practice for Ultrasonic Evaluation of Pipe Imper- 
fections", by which an angle beam probe is displaced across the crack so that its 
radiation beam moves across the crack. In a first way of performing this pro- 
posed measurement, in what is termed an A-scan, the maximum echo amplitude 
is looked for and recorded and the associated travel time noted down on the one 
side and the travel times of the echo signals that correspond to exactly half the 
maximum amplitude are noted down on the other side. The method is quite 
complicated. In a second embodiment, an envelope curve is drawn, the prerequi- 
site being an ultrasonic apparatus that has a device for storing the maximum 
amplitudes such as a storage oscillograph. The thus obtained envelope curve is 
evaluated using a gate or an evaluation screen. The evaluation screen is set to 
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50 % of the maximum amplitude of the envelope curve that commences at the 
intersection with the rising flank of the envelope curve and ends at the intersec- 
tion with the falling flank of said envelope curve. To calculate the size of the flaw, 
the value of the sound velocity is varied until the evaluation screen sufficiently 
coincides with the envelope curve. Generally, this method is described to be 
lengthy and is only recommended for cracks the dimension, more specifically the 
depth, of which cannot be determined otherwise. The size of the flaw is calcu- 
lated from a formula that takes into consideration the product of the maximum 
amplitude and of the time interval between the two 50 %-amplitudes. 

Although the hereto before known methods provide dimensions for cracks, they 
present disadvantages in practice. This is where the invention comes in. It is its 
object to indicate a method for detecting the size of cracks, more specifically for 
detecting the depth of a crack, that directly yields a value without major compu- 
tation, that is, that quickly determines an initial value and is suited for an auto- 
matic method. 

The solution to this object is achieved by 

In accordance with the invention, the echo signals are digitalized and are stored 
in a memory as pairs of values over the travel time. If the angle beam probe 
sweeps across the entire crack once, one obtains a plurality of pairs of values 
that are limited toward the top by an envelope curve. 

In a preferred manner of performing the invention, only the maximum amplitude 
values for the discrete travel times are stored, that is, but the envelope curve is 
stored. 

The size of the flaw may now be determined directly from the envelope curve; 
this can be achieved by means of a computer module provided in the ultrasonic 
apparatus. The size of the flaw is proportional to the product of maximum ampli- 
tude and the half-width of the envelope. The proportionality factor is determined 
by measuring cracks the depth of which is known. This permits to find out the 
size of a crack in a workpiece without major manual adjustments and irrespec- 
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tive of the skill of the respective ultrasonic operator. The method is suited for ex- 
tensive, preferably for full, automation. 

As contrasted with the prior art method, it is no longer necessary . to adjust the 
maximum reference amplitudes to 80 % of the monitor height. The maximum 
echo amplitudes can be measured and stored at high resolution. A half-line can 
be calculated directly and be displayed on a monitor. The half-width of the enve- 
lope can be directly determined automatically and also be displayed on the moni- 
tor. 

It is possible to change the amplification factor of the ultrasonic apparatus with- 
out the computation performed in the apparatus yielding erroneous results with 
regard to the crack depth. If, as this may happen in practice, the maximum echo 
amplitude of the flaw echo is either too high, that is, if it is in excess of 100 %, 
or if it is too small (if the dynamic curve of the echo is too flat), the amplification 
of the ultrasonic apparatus is varied. The change in the amplification dV is regis- 
tered. As the amplification changes dV, the maximum amplitude of the flaw echo 
must be converted according to formula 1 

A = A' y 1 o-dv/20 

^max ^ max a ±\j 

wherein A^ax is the amplitude before changing the amplification and A'max the 
amplitude after the amplitude has been changed. 

It has been found out that angle beam probes having a fiat emission angle are 
advantageous. They need to be displaced over a larger distance than angle beam 
probes having smaller emission angles. 

It has been found advantageous to check the envelope obtained and stored as 
such in the memory by means of an evaluation device such as an evaluation 
screen in order to see whether the angle beam probe has been moved suffi- 
ciently away from the crack so as to obtain on either side of the envelope a value 
that corresponds to the echo signal without the detected crack exerting any in- 
fluence. The corresponding electronic evaluation circuit detects on the one side 
that the envelope falls to zero and on the other side that this actually occurs on 


either flank of the envelope. These checks can be performed automatically by the 
very inspection instrument without the operator influencing them. The inspection 
instrument stores the zero line obtained when no crack could be found. If a crack 
has been found, it checks whether the envelope drops to zero on either side. If 
this is not the case, a corresponding signal is delivered to the operator who re- 
acts by moving the angle beam probe further away from the crack that has been 
detected until it reaches a region in which the detected crack is no longer notice- 
able on the level of the echo signal. 

In an altered embodiment of the invention, an array consisting of a quite large 
number of individual probes is utilized instead of one angle beam probe. Said in- 
dividual probes are triggered in such a manner that either the same effect is ob- 
tained as by displacing an angle beam probe across the surface, that is, by hav- 
ing the main beam parallely offset, or that the angle of the beam is varied. In 
both cases, mechanical movement relative to the surface is no longer necessary. 
Put another way, arranging a plurality of individual probes behind each other in 
an array replaces the need for displacement using one single probe. 

The invention will be understood better upon reading the following description 
with reference to exemplary embodiments. These exemplary embodiments are 
not intended to limit the scope of the invention in any manner. In the drawing: 

FIG. 1 illustrates an array for ultrasonic inspection having a probe that is 

placed onto a workpiece having a crack; it also shows the path of 
the main beam of said probe, 

FIG. 2 is an illustration like FIG. 1, but in another position of the probe 

relative to the crack, 

FIG. 3 is an illustration of an envelope curve where the maximum echo 
amplitude A achieved (in Volt or %) is plotted down the side of the 
diagram whereas the respective travel time t (in ms) is plotted on 
the horizontal axis, with detection of the half-width and of the 
maximum amplitude being plotted. 


5 


A workpiece 20 can be seen in the FIGS. 1 and 2, said workpiece liaving a front 
face 22 and a back face 24. Typical examples of such type workpieces are tubes, 
such as tubes with quite large diameters, e.g., with diameters ranging from 20 to 
80 cm. Typically, these tubes are oilfield pipes, tubes for pipelines, but also sheet 
metal and Items for any application. 

The crack 26 in the workpiece 22 commences on the back face 24 thereof. It also 
may be an internal crack that has no connection with the back face 24. 

An angle beam probe 28 is placed on the front face 22. Along a main beam 30 
located in the centre of a radiation beam of the probe 28, it sends ultrasonic 
pulses into the volume of the workpiece 20 at an angle alpha. The probe 28 is 
what is termed a transmit-receive probe, also referred to as a T/R-probe, so that 
it serves both for emitting and for receiving ultrasonic pulses. 

The angle beam probe 28 is connected on the one side to a transmitter module 
32, also referred to as TX, and on the other side to a receiver module 34, also 
referred to as RX. An analogue-to-digital converter 35, also referred to as A-D 
converter. Is connected at the output of the receiver module. A monitor 38 for 
displaying an A-scan and an envelope, which is also referred to as MON, is con- 
nected to the output of said converter on the one side. On the other side, there 
is also connected to this output a memory 40, also referred to as MEM. Via well 
known suitable circuitry, data stored in the memory 40 can be displayed on the 
monitor 38, said monitor 38 however also displaying the A-scan respectively ob- 
tained from the inspection being performed. Finally, there is provided a computer 
module 42 that is also referred to as microcomputer or pC. It is connected to all 
of the electronic modules of the ultrasonic inspection apparatus; this is shown in 
dashed lines. The parts 32 - 42 thereby form the ultrasonic inspection appara- 
tus. Its structure is actually known so that this apparatus will not be discussed in 
further detail. A typical example of an ultrasonic inspection apparatus that may 
be utilized for performing the method is the instrument USM 25 of the applicant. 

FIG. 1 also shows a second position of the probe 28 that is labelled at 29. During 
inspection, the probe 28 is moved along the arrows 44. The movement must be 
large enough to pass over the crack 26. At the angle beam probe, which is 


shown in a dashed line, a radiation beam 46 is outlined in addition to the nnain 
beam 30. The reader is referred to the DE-Book mentioned herein above for a 
definition of a radiation beam. From the position shown in a dashed line, the 
probe is displaced during inspection sufficiently far to pass over the crack 25 and 
again reach a position in which it is located outside of the crack 26, meaning in 
which it is located at the same distance as the dashed position of the angle beam 
probe 28, but on the other side. It should be noted here that the dashed position 
is very far away and that it is possible that the crack 26 be again detected in the 
dashed position, but now after the main beam 30, which is shown in a dash-dot 
line, has been reflected at first from the back face 24, then from the front face 
22 and from there toward the crack 26. 

In practice, during inspection, the emission angles alpha are about 45° and typi- 
cally range from 45-60°. This however does not mean that other angles alpha 
are excluded. The probe frequencies are in the MHz range, for example 1-5 MHz. 
The ultrasonic pulses are emitted at a repetition frequency of 50 - 100 Hz, with 
much higher frequencies being possible; the same applies for lower frequencies. 

An inspection method is run as follows: 

As can be seen from FIG. 1, the probe 28 emits ultrasonic pulses along the main 
beam 30. These ultrasonic pulses impinge either directly the crack 26 or the back 
face 24. In both cases, they are reflected toward the back face 24 or toward the 
crack 26 and are caused to return into the probe 28 after angular reflection. In 
the position as shown in FIG. 1, the main beam 30 first travels toward the back 
face 24, from there, after reflection, it travels along a short path to the crack 26 
and from there back into the probe. 

Each position of the probe 28 leads to an echo signal at a certain travel time. 
Each new position has another travel time and another value for the echo sig- 
nals. The echo signals received by the receiver module 34 are amplified there 
and then digitalized in the A-D converter 36. In the memory 40, only the maxi- 
mum amplitudes for one position of the probe and, as a result thereof, for one 
travel time are stored. Concurrently, the monitor displays the A-scan of the pulse 
that has just been emitted and/or the maximum values of all of the measure- 
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ments performed during movement along the arrows 44. The maximum ampli- 
tudes for all the occurring travel times form an envelope curve 48 such as illus- 
trated in FIG, 3. 

FIG. 2 shows the relative position between probe 28 and crack 26 in which the 
main beam 30 strikes the tip of the crack 26, whereas in FIG. 1 the probe 28 is 
in a position in which it is quite near the root of the crack 26. In the position as 
shown in FIG. 2, about half of the radiation beam 46 is led past the crack 26 
provided that the crack has a corresponding geometry, with about half the radia- 
tion beam being reflected into the probe 28. This leads to an amplitude of the 
echo signal that is about 50 % less than the maximum amplitude. The maximum 
amplitude is for example typically achieved in the position of the probe 28 as 
shown in FIG. 1. It can be seen that the position in FIG. 2 is a position permitting 
to detect the half-width t2-tl of the flaw. 

FIG. 2 also illustrates in a dashed line a probe 29 offset by 180® together with its 
main beam 30. This is to make it obvious that the crack 26 can also be detected 
from the other side. The two measurements as outlined in FIG. 2 can be com- 
bined; the mean value of the flaw depth obtained for the two directions of emis- 
sion can be outputted as the flaw depth T. 

FIG. 2 also Illustrates an intentionally introduced test flaw 50; it is a serration of 
known depth and width. It serves to set the ultrasonic Instrument. This setting is 
performed as follows: 

The flaw depth T50 of the test flaw is known. The test flaw 50 is now inspected 
using the inspection method; an envelope curve is established, which is similar 
to the envelope curve for the flaw 26 of FIG. 3. In the envelope curve 48 shown 
therein, a half-width is plotted at 50 % of the maximum amplitude. It com- 
mences at the overall travel time tl and ends at the overall travel time t2. This is 
performed in the same manner for the envelope curve of the test flaw 50. Now, a 
proportionality factor k is computed from the quotient of the depth of the test 
flaw divided by the half-width of said test flaw. This permits to now determine 
the flaw depth T of the crack 26 using the rule of three or the proportionality fac- 
tor k according to the formula 
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T = k X half-width of the crack. 

Put another way, the half-width obtained from the envelope curve shown in FIG. 
3 is multiplied by the proportionality factor k; the result is the crack depth T. The 
crack depth T is directly displayed on the monitor 38; in FIG. 3, the value 5.2 
mm is indicated by way of example. 

In FIG. 3, the maximum amplitude of the envelope curve 48 is 80 %; accord- 
ingly, the half-amplitude is 40 %. At other maximum amplitudes, the computer 
module 42 computes the associated half-amplitude. Moreover, the amplification 
can be varied according to the formula indicated herein above. 

FIG. 3 further illustrates an actual echo 52 as it usually appears on the A-scan. It 
does not entirely attain the height of an amplitude value measured at an earlier 
stage for the same travel time t3, so that it would not be taken into considera- 
tion for being stored in the memory 40. 

The half-width t2 minus tl is automatically calculated in the computer module 
42. For this purpose, current computations, which are known in the art, are to be 
performed; they need not be discussed herein. 

The envelope curve is also referred to as echo dynamic curve. The product of the 
half-width and of the maximum amplitude is multiplied by the proportionality fac- 
tor k; the result is the crack depth. 

The method has the advantage that an inspection report on the ultrasonic in- 
spection performed may additionally include the stored envelope curves and so 
on. Improved documentation is thus made possible. It is also possible to evalu- 
ate the envelope curves at a later stage from other viewpoints. 

Finally, FIG. 3 also shows two evaluation thresholds 54 and 56 at the base of the 
envelope curve 48. They are located so as to lie just above the zero line. They 
are Intersected by the envelope curve so that the envelope curve is both above 
and beneath the thresholds. This is to make certain that the envelope curve is 


completely registered, that Is, that the probe has been moved sufficiently away 
from the crack 26. This is advantageous for automatically performed measure- 
ments. It is however to be understood that it suffices in principle to register the 
envelope curve 58 until just beneath the half-value, this being sufficient for the 
measurement In accordance with the invention. 


